The ultrasonic absorption was determined, in aqueous solutions of hemoglobin undergoing dissociation as a function of the strong electrolyte guanidine hydrochloride (GuHCI), up to 5.4M (molar), over the frequency range 1-50 MHz. With increasing GuHC1 concentration to 0.7M, the Hb molecule dissociates into half-molecules without loss of tertiary structure, and at GuHCI concentrations greater than 2.5M, the Hb molecule dissociates further into its four individual polypeptide chains with complete loss of tertiary structure. The ultrasonic absorption coefficient appears to be insensitive to the dissociation process, though a small contribution appears at the lower frequencies, owing to the expansion of the polypeptide molecule.
A maximum in the absorption occurs near 2M GuHC1 concentration, which does not correspond to dissociation or expansion of the Hb molecule, and it is thought to be associated with the proton transfer reaction.
16.2
The role of the conformation of proteins in the absorption of ultrasonic energy in biological media has received some attention? s The ultrasonic absorption spectra of macromolecules which assume random coil conformation in aqueous solution, viz., dextran • and polyethylene glycol, 4 exhibit magnitudes considerably less than those of the globular proteins which exist in compact rigid strictures. This magnitude difference has been attributed to the secondary and tertiary structures possessed by the proteins, which dextran and polyethylene glycol do not exhibit. In addition, the protein gelatin, which does not possess a secondary or tertiary structure, has a lesser absorption magnitude than those proteins with such structuring. s Thus, it appears profitable to examine the ultrasonic absorption spectra of a globular protein possessing a higher-ordered structure as it is denatured into its random-coil conformation. The protein hemoglobin was selected, since its conformal changes have been well characterized as a function of the protein denaturant guanidine hydrochloride, GuHC1. 6 The two systems utilized in the measurements of the ultrasonic absorption have been extensively described elsewhere. 7.8 Basically, the high-frequency system, for measurements greater than 8 MHz, is an automated version of that of Pellarn and Galt, 9 and the low-frequency system, which minimizes diffraction effects, is a comparison technique initially described by Carstensen et al.
•ø Both systems maintain the temperature of the liquid under investigation to within an accuracy of +0.05øC as checked against an NBS calibrated thermometer. The absolute accuracy of the ultrasonic absorption measurements, for both systems, is within 4-3%.
Aqueous solutions The peak in the absorption parameter A, occurring around 2M GuHCI, can be attributed to the proton transfer reaction. It has been shown •5 that the guanidinium ion (Gull +) can partake in a proton exchange reaction with water under appropriate conditions in which a second solute, Hb in this case, forms strong hydrogen bonds with either water or Gull +, and it is suggested that this proper mixture is achieved around 2M GuHC1 at which the proton exchange reaction is maximized. This particular mechanism has already been invoked to explain the ultrasonic absorption in aqueous polypeptide and protein solutions. 7.
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